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Voluntary set-asideAn essential component of many forest certification schemes is that landowners should voluntarily set
aside a proportion of their forestland with the main aim of promoting biodiversity. However, the influ-
ence on biodiversity of such conservation areas is largely unknown. In this study, we compared the area
extent, structural diversity of importance to biodiversity and stand characteristics between voluntary set-
asides (VSA1) established through certification, formally state-protected nature reserves (R2) and managed
production forests (PF3). We used data from the Swedish National Forest Inventory and focused on forestry
company land in boreal Sweden, amounting to about 7 million ha. VSA and R were found to cover approx-
imately the same area (0.6 million ha each) but VSA were more numerous, especially for sizes <10 ha,
whereas most areas >10,000 ha belonged to R. VSA also occurred in more southerly locations. VSA were
intermediate between R and PF regarding dead wood volume, number of large diameter trees ha1 and
value of a composite structural index. VSA had significantly higher volumes of the important broadleaved
trees species aspen, rowan and sallow. VSA and R were much older and had lower site productivity than
PF, but VSA had higher total standing volumes. Our analysis showed that certified-driven VSA are an impor-
tant complement to traditional reserves regarding size and structural factors important to biodiversity.
Thus, future development of planning models should consider both types of set-asides and their spatial con-
figuration. This will require integration of non-state and state governance processes.
 2016 The Authors. Published by Elsevier B.V. This is an open access articleunder the CCBY license (http://
creativecommons.org/licenses/by/4.0/).1. Introduction
Conservation efforts in forests have been increasingly directed
towards areas allocated to production, with integration of environ-
mental measures into forestry planning, harvest and management,
complementing the traditional approach of formally protected
reserves (Lindenmayer et al., 2012a). An important driver of this
development has been certification, a market-driven, non-state
form of governance that has expanded greatly during the last
few decades (Auld, 2014). In forestry, about 400 million ha had
been certified by 2012 within the two main certification systems
FSC (Forest Stewardship Council) and PEFC (Programme for the
Endorsement of Forest Certification), corresponding to about 30%
of the world’s forests allocated to production (Auld, 2014). Despite
large areas being certified there is an evident lack of analyses of theenvironmental impacts of forest certification (e.g. van Kuijk et al.,
2009; Gomez-Zamalloa et al., 2011), and Visseren-Hamakers and
Pattberg (2013) stress the need to make such assessments at global
scale. Karmann and Smith (2009) in an analysis on social, economic
and environmental outcomes and impacts of FSC certification con-
clude that there is a strong need for more systematic approaches,
although numerous verified examples exist of positive impacts
on forest management. Some individual studies point to positive
contributions of FSC certification to biodiversity conservation
(e.g. Gullison, 2003) but others are challenging and debating the
FSC (e.g. Bennett, 2001; Brown et al., 2001). Overall, there is a sub-
stantial uncertainty regarding how well measures within forestry,
as a result of certification, meet biodiversity conservation targets.
An essential component of many forest certification schemes is
that landowners voluntarily set aside a proportion of their forest-
land with the main aim of promoting biodiversity. Certification
has in countries with a large proportion of certified forests led to
a rapid increase in areas exempt from forestry. Nevertheless, there
has been a striking shortage of studies evaluating the extent and
quality of such negotiated conservation areas in comparison to
state-protected areas and areas with intense wood production.
Fig. 1. Distribution of the three forest categories (voluntary set-asides, reserves,
production forests) between the three vegetation zones (percentage of total area).
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areas (SLOSS) has for a long time been discussed within conserva-
tion biology research (e.g., Tjørve, 2010). Voluntary set-asides are
often small compared to formally protected areas (Elbakidze
et al., 2011), and thus complement larger reserves (Gustafsson
and Perhans, 2010). Set aside areas, irrespective of protection type
and form of establishment, can be viewed as fragments in produc-
tion forest landscapes, relating to the extensive research base and
theoretical discussion on patterns and processes of forest fragmen-
tation (e.g., Lindenmayer and Fischer, 2007; Didham et al., 2012)
and landscape matrix (Franklin and Lindenmayer, 2009; Prugh
et al., 2008). A common view is that habitat amount is more impor-
tant to viability and long-term persistence of populations than spa-
tial landscape configuration (Fahrig, 2013), but aspects of
connectivity are also essential (Andersson and Bodin, 2009) and
complex interactions with land-use intensity are likely (Villard
and Metzger, 2014).
In order to investigate the relative roles of different types of
conservation areas, data are needed on their geographical distribu-
tion, stand structures and stand characteristics of importance to
biodiversity. The Swedish National Forest Inventory (NFI) has a
high sampling intensity suitable for analysis, including extensive
data on forest structures and stand characteristics. Spatially expli-
cit information is also available on the locations of sites in the three
forest categories: voluntary set-asides established through certifi-
cation (VSA) and managed production forests (PF) through forestry
company databases and formally state-protected nature reserves
(R) through conservation authorities’ databases.
The overall aim of our study was to evaluate how certification
contributes to forest protection and conservation of biodiversity.
We used boreal Sweden and company owned land (7 million ha)
as a case study because of the extensive data available for these
regions. The study was conducted by (i) estimating the total area
of three forest categories: VSA, R and PF, and by comparing (ii) for-
est structures and (iii) stand characteristics of importance to biodi-
versity between the three categories. Forest structures, such as
dead wood, large trees and broadleaved trees, and stand character-
istics, such as age, tree composition and productivity, have been
shown to be strongly linked to the presence and abundance of
many forest species (Berg et al., 1994; Lindenmayer et al., 2012b;
Stokland et al., 2012). Our intention was that our study would con-
tribute to a deeper understanding of the role for preserving biodi-
versity of forest certification.2. Materials and methods
2.1. Sweden as a case study
2.1.1. Forests, forestry and conservation
The study area comprised the boreal vegetation zone (Nordiska
ministerrådet, 1984) of Sweden (Fig. 1). This area spans a distance
of 1100 km from south to north and has a large variation in pro-
ductivity primarily as a consequence of the increasingly colder cli-
mate to the north, with a mean annual volume increment of
6.4 m3 ha1 year1 in the southernmost county (Värmland) and
2.9 m3 ha1 year1 in the northernmost county (Norrbotten)
(Forest Statistics, 2014). Along the east-west gradient, from the
Baltic sea to the Scandinavian mountain chain, the altitude
increases, leading to a harsher climate in the west where the pro-
ductive forest ends toward the tree line. The forests are dominated
by Norway spruce Picea abies (L.) Karst. and Scots pine Pinus sylves-
tris L. which comprise about 80% of the standing volume in the
region (Forest Statistics, 2014). Privately owned companies own
about 30% of the forestland, the state and other public owners(including the state-owned forestry company Sveaskog) own about
30%, and private individuals about 40% (Forest Statistics, 2014).
Industrial forestry has been conducted in the region since the
17th century, starting in the south to primarily produce charcoal
for mining and iron production. Expansion of large-scale forestry
exploitation toward the north commenced during the second half
of the19th century,when forestswere selectively cut for large diam-
eter pine wood (Josefsson and Östlund, 2011). A major change
occurred in the 1950s and 1960s, when clear-cutting replaced selec-
tive cutting on a large scale (Lundmark et al., 2013). Sweden today
has one of the highest wood extraction rates in the world (FAO,
2010) and has a high-intensity forest management system (Levers
et al., 2014), which is conducted on >80% of the productive forest
land. Rotation times, i.e., times between clearcutting events, vary
between 60 and 120 years. The industrial forestry during the last
150 years has resulted in structurally simplified production forests
withwell-delineatedstandsof equal ageandsmall quantitiesofdead
wood (Östlund, 1993; Linder and Östlund, 1998) and other forest
structures when compared to intact forests. This has led to decreas-
ing populations of many forest species (ArtDatabanken, 2015).
A multi-scaled approach for biodiversity conservation has been
applied in Sweden since the 1990s (Angelstam and Pettersson,
1997; Angelstam, 2003; Gustafsson and Perhans, 2010), incorpo-
rating areas set aside for biodiversity at different scales, from indi-
vidual trees and tree patches left at final harvest as part of
retention approaches (Gustafsson et al., 2012) up to set aside areas
of >1000 ha within forest-owners’ planning processes in connec-
tion with certification or as state-established reserves. Policy
instruments behind this model include both certification and
legislation.
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In the early 1990s, there was large pressure on Swedish forestry
companies to consider biodiversity, and major buyers of forest
products requested environmentally friendly forestry (Simonsson
et al., 2015). Thus, market demands prompted the large Swedish
forestry companies to join international forestry certification sys-
tems in the late 1990s (Cashore et al., 2004), and by the turn of
the millennium, all large forestry companies were FSC certified.
Currently, the two international certification systems, FSC and
PEFC cover approximately equal areas (12 million ha), and many
properties are certified according to both systems. In this study,
we focused on FSC-certified forest land. According to the Swedish
national FSC standard, a minimum of 5% of the productive forest
land should be set aside ‘‘from measures other than management
required to maintain or promote biodiversity conditioned by natural
processes or traditional land use practices” (https://se.fsc.org/stan-
darder.263.htm). The same requirement is also part of the national
standard of the other large certification system PEFC. Forest certi-
fication has therefore been an important driving force for VSA and
these ‘‘certification-driven” set-asides are today an important part
of Sweden’s efforts to maintain biodiversity in the forest landscape.
Although certification is a largely market-driven process, it has
become increasingly integrated into state forest and conservation
policy, e.g., the Swedish parliament has set desired target levels
for the amount of VSA (Government Bill, 2013/14).
The concept of woodland key habitat (WKH) is important in
relation to VSA since the Swedish national FSC and PEFC standards
state that such habitats should be prioritized in set aside selections
(https://se.fsc.org/standarder.263.htm). The WKH concept evolved
and was implemented in Swedish forestry in the beginning of the
1990s (Nitare and Norén, 1992). WKHs are habitats assumed to be
particularly important for biodiversity and red-listed species and
were first identified in nationwide inventories in the 1990s. The
WKH concept has also been adopted in Finland, Norway and the
Baltic countries (Timonen et al., 2010). There are no size limits
for WKHs - they range from individual trees of high biodiversity
value (e.g., giant trees) to very large areas.
2.2. Data used
2.2.1. Voluntary set-asides (VA), reserves (R) and production forests
(PF)
Around 7.4 million ha of productive forestland (site productiv-
ity >1 m3 sk ha1 yr1) in boreal Sweden were included in the
study, out of a total area of about 12 million ha (Table 1). Data were
used from forestland owned by the private forestry companiesTable 1
Characteristics of voluntary set-asides (VSA), reserves (R) and production forests (PF) us
Inventory (NFI). VSA and PF included forest company land only; total productive forest ar
Voluntary set-asides (VSA) Reserv
Description Company voluntary set-asides on productive forestland
‘‘demarcated and prioritized based on their significance for
biodiversity and landscape representativeness” (https://se.fsc.
org/standarder.263.htm). >1 ha in size but without upper
size limit. All woodland key habitats (WKHs) should be
included (35% of VSA)
Formal
nation
is not p
Reserv
Data used Forestry company data-bases for 2013 (visible on: http://
protectedforests.com/)
Swedis
Agency
Area (ha)
All boreal 627,000 647,00
North
boreal
219,000 418,00
Central
boreal
355,000 188,00
South
boreal
53,000 42,000Bergvik, Holmen and SCA, and the state-owned forestry company
Sveaskog, all of which were certified according to the FSC (http://
protectedforests.com/). Analyses were separated into categories
of all forest ages and forests >100 years old (27% of total analyzed
forest area), because old forests have been shown to be important
to species that need long continuity and forest-interior conditions
(Paillet et al., 2010). We focused on the whole boreal zone of Swe-
den and divided the data into three subzones, i.e., the north, central
and south boreal zone, when estimating the area (Table 1). How-
ever, the data resolution did not allow us to analyze these sub-
zones separately for the variables relating to structures and stand
characteristics.
2.2.2. National Forest Inventory (NFI)
The NFI was started in 1923 and contains annual inventories of
all land in Sweden, providing data at national and regional levels,
with a focus on forest and other wooded land. The present design
was introduced in 1983 (Ranneby et al., 1987). Data on trees, for-
ests and management history are recorded by field teams in a
stratified random systematic cluster design with partial replace-
ment and in plots with radius of 7 m, 10 m or 20 m depending
on the variable. Permanent plots are surveyed every 5–10 years,
and at least 5 years of data are usually needed for reliable esti-
mates (Axelsson et al., 2010). The list of recorded variables in the
NFI is extensive, covering both forestry and environmental aspects.
We used NFI data for the time period 2009–2013 from a total
number of 7993 (639 VSA, 553 R, 6801 PF) plots. The plots were
selected from the whole NFI sample using maps (polygon layers)
of VSA, R, PF in a Geographic Information System (GIS) (Table 1).
For each analyzed NFI-variable, the standard error (SE) was calcu-
lated (see e.g., Fridman and Walheim, 2000). Confidence intervals
were then calculated as X ± 1.96  SE.
2.2.3. Structural variables, structural index and stand characteristics
Three structures of special importance to biodiversity were ana-
lyzed, i.e., dead wood (an extensive body of literature points to the
importance of dead wood for a large share of forest species;
Stokland et al., 2012), large trees (large and old trees are important
to biodiversity; Lindenmayer et al., 2012b), and the broadleaved
tree species aspen, rowan and sallow (tree species that host
numerous uncommon species, mostly bryophytes, fungi, lichens
and insects; Berg et al., 1994) (Table A1 Suppl. data). A composite
structural index was constructed based on 10 variables registered
in the NFI and modified from Lundström et al. (2011) (Table A2
Suppl. data). The index included aspects of vertical and horizontal
layering, age-distribution and some structural variables. Each vari-ed in the study. Areas were estimated using data from the Swedish National Forest
ea for the whole boreal region was 16 million ha.
es (R) Production forests (PF)
ly protected productive forestland as nature reserves or
al parks under the Environmental Code where forestry
ermitted unless biodiversity is promoted.
es with no restrictions on forestry were excluded
Productive forestland
where wood
production is the main
goal
h Environmental Protection
databases for 2013
Forestry company
databases for 2013
0 6,145,000
0 978,000
0 4,278,000
889,000
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the 10 variable scores making up the composite index yielded a
total ‘‘structural value” for each NFI plot, with a possible maximum
score of 1000. Selection of VSA is usually based on field inventories
using composite structural indices reflecting stand heterogeneity
linked to high species diversity (Drakenberg and Lindhe, 1999). A
number of variables of stand characteristics were also analyzed,
relating to forest age, tree-species composition, vegetation, pro-
ductivity, soil and topography (Table A1 Suppl. data).3. Results
3.1. Area and size distribution
VSA and R covered approximately the same area, almost
650,000 ha. There were large differences in their geographical dis-
tribution, with 65% of the area of VSA found in the south and cen-
tral boreal regions compared to 35% of R (Fig. 1, Table 1). The
proportion of VSA of total forest company land varied between
18% and 6% depending on region, with the highest proportion in
the north. VSA were more numerous in all size classes except for
>10,000 ha, where there were 15 R but only one VSA. A striking dif-
ference was detected in the number with size <10 ha, with 25,222
VSA but only 252 R. The total number of VSA was >35,000 com-
pared to 1661 R (Table A3 Suppl. data).
3.2. Structural variables and structural index
There was a clear pattern for the two structural variables dead
wood and large-diameter trees, with the highest values obtained
for R (for all forest ages: 24.5 m3 ha1 for dead wood and 12.1
large-diameter trees ha1), intermediate values for VSA
(17.6 m3 ha1, 8.6 ha1) and the lowest values for PF
(7.0 m3 ha1, 2.0 ha1) (Fig. 2). The pattern was similar when dead
wood was separated by diameter, e.g., dead wood >300 mm consti-
tuted 43% in R, 31% in VSA and 22% in PF of all dead wood >100 mm
for forests >100 years. The percentage of lying vs. standing dead
wood was similar between the forest categories; 54–67% for all for-
est ages. The percentage of Norway spruce dead wood was higher
in R and VSA (about 50% in both) than in PF (about 30%) for all for-
est ages. Large-diameter pines were more common in VSA than in
R; about 50% of large trees were pine in VSA compared to 20–25%
in R, depending on forest age.
VSA had a significantly higher volume of the important broad-
leaved trees species aspen, rowan and sallow, i.e., 3.9 m3 ha1 com-
pared to 1.8 m3 ha1 for R and 1.1 m3 ha1 for PF, for all forest ages.
The tendency was the same for forests >100 years old, although the
difference between VSA and R was not significant for this age class
(Fig. 2).
The structural index followed the same pattern as for dead
wood and large-diameter trees, with the highest score for R, inter-
mediate for VSA and lowest for PF. Differences were significant
between all three forest categories, for all forest ages as well as
for forests >100 years old (Fig. 2).
3.3. Stand characteristics
3.3.1. Age-class distribution, forest type, vegetation type
VSA and R were considerably older than PF. The percentage of
forest >100 years old was 74% for VSA, 82% for R but only 16% for
PF. R were characterized by a high percentage of forests >160 years
old, i.e., 39% (Fig. 3). The following description of stand character-
istics refers to data for all forest ages together, unless stated other-
wise. Spruce forests were most common in VSA (41%) and R (48%),
whereas pine forests were most common in PF (51%). Coniferous-broadleaved forests were significantly more common in VSA than
in R and PF, with the lowest percentage in R (Fig. 3). The bilberry
type was the most common ground vegetation type for all forest
categories, and significantly more common in VSA (47%) than in
R (39%) and PF (33%). The herb type was significantly more com-
mon in R than in the other two categories. The grass type was sig-
nificantly more common in PF than in VSA and R, but this
difference was not found in forests >100 years old (Fig. 3).
3.3.2. Site productivity, standing volume, soil and topography
VSA and R had lower site productivity than PF, e.g., 50% of VSA
and 70% of R had a productivity <3 m3 ha1 year1 compared to
28% for PF. Site productivity in R was especially low: 28% of R
had a productivity <2 m3 ha1 year1 (Fig. 4). VSA had a higher per-
centage of forests with high standing volume per hectare than the
other two categories: 30% of the area had standing volumes
>200 m3 ha1 compared to 17% for R and 15% for PF. For forests
>100 years, R had an especially large share of low volumes: 43%
of the area of this forest category had volumes <100 m3 ha1
(Fig. 4).
A large percentage of R, and to a certain extent also VSA, were
located at high altitudes. The percentage of forest >400 m above
sea level was 72% for R, 46% for VSA and only 24% for PF. PF were
found significantly more often on plane terrain (slope 0–10%) than
VSA and R, although differences in absolute terms were small (70%
of the total area for PF, 63% for VSA and 59% for R). There were no
differences between the three forest categories regarding soil type,
except VSA and PF had significantly more peat soils than R. VSA
occurred significantly more often on mesic-moist soil and signifi-
cantly less on mesic soil than the other two categories (Fig. 4).4. Discussion
Non-state driven forest protection has expanded rapidly follow-
ing the introduction of forest certification, creating a new conser-
vation arena. Our analysis clearly shows that forests voluntarily
set aside by forest owners through certification (VSA) may be
important for large-scale structural diversity. In the case of boreal
Sweden, VSA complement formally protected reserves regarding
both size and structural composition, and add considerably to
the total protected area.
4.1. Impact of forest certification
Evaluations of outcomes from certification schemes are highly
needed (Visseren-Hamakers and Pattberg, 2013), although such
studies are complex and multidimensional (e.g. Rametsteiner and
Simula, 2003; Keskitalo et al., 2009; Elbakidze et al., 2011; Clark
and Kozar, 2011). We present new insights by analyzing field-
collected data on forest structures reflecting habitat conditions
for biodiversity, adding to the increasing but still limited number
of studies using empirical data for evaluation. Sverdrup-Thygeson
et al. (2008) found a clear increase in number of retention trees left
unharvested at logging, and in the mean width of buffer zones
along rivers, lakes and wetlands following certification, in a study
from Norway. On the other hand, no relationships between forest
certification and biodiversity indicators were found in a Swedish
study, partly, as in our study, based on analysis of National Forest
Inventory data (Johansson and Lidestav, 2011). Some field-studies
from the tropics point to positive effects of FSC-certification (e.g.
Medjibe et al., 2013; Kalonga et al., 2016). Elbakidze et al. (2011)
in a comparative study between two areas in Sweden and Russia
found about equal proportion VSA of total forest area (about
10%), and their general conclusion was that certification con-
tributes to biodiversity conservation.
Fig. 2. Amount ha1 of forest structures dead wood (a–f), large trees (g and h), aspen/sallow/rowan (i), and structural index score (j) for the three forest categories, i.e.,
voluntary set-asides, reserves and production forests.
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Fig. 3. Percentages of total area for different forest categories (voluntary set-asides, reserves, production forests) distributed by age class (a), forest type (b and c) and
vegetation type (d and e). Poor shrub = dominance of Vaccinium uliginosum, Rhododendrum tomentosum, Andromeda polifolia, Vaccinium oxycoccus.
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from National Forest Inventories, and believe that there is also a
potential for increased use of existing databases linked to forest
plans of forest companies. One prerequisite for such approaches
is that databases are made open access, which currently not always
is the case.
There is also a need for assessment of the formulation, imple-
mentation and compliance of certification standards from a biodi-
versity conservation point of view. Important questions to address
then are: (i) How are international criteria formulated and moti-
vated?, (ii) how are international criteria implemented in national
standards, and how relevant are they from a biodiversity conserva-
tion point of view?, and (iii) how is compliance with criteria eval-
uated by certification auditors? One complication in such
evaluations is the widely diverging formulation of national stan-
dards (Anon., 1996). FSC is currently aiming to formulate more
generic international indicators which can be used to developnational standards, which so far have been based on more general
principles and criteria (Anon., 2015).
4.2. Size and location of VSA and R
VSA and R occurred in all size classes, but there were much
more VSA in the smaller size classes: 71% of the total number of
35,000 VSA were <10 ha in size compared to 15% of the total num-
ber of 1661 R (Table A3 Suppl. data). But many VSA were also large
with 176 VSA having a size >500 ha compared to 146 for R
(Table A3 Suppl. data). A common view today regarding the size
of reserves (relating to the SLOSS-debate; Tjørve, 2010) is that a
mixture of sizes is preferable when aiming for the long-term viabil-
ity of diverse species populations (Lindenmayer and Franklin,
2002). Small set aside areas are often subjected to large edge
effects (Chen et al., 1995; Jönsson et al., 2007), promoting
disturbance-adapted species, some of which are uncommon (e.g.,
Fig. 4. Percentages of total area for different forest categories (voluntary set-asides, reserves, production forests) distributed by site productivity (a), standing volume (b and
c), quaternary deposits (d), soil moisture (e), slope (f) and altitude (g).
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to species sensitive to disturbance requiring long continuity of
stable conditions regarding, e.g., microclimate and stand properties
(e.g. Siitonen et al., 2001). Thus, VSA is a valuable complement to
formally protected areas since it adds niches not evidently pro-
vided by earlier conservation strategies.
The high area percentage of R in the north boreal region (65%) is
due to the establishment of numerous large reserves in the moun-
tain region in the 1980s and 90s. Most of the VSA area is instead
found in the central and southern parts (65%) because they are
more evenly distributed in relation to the area of company land.
4.3. Structural diversity
The main reason for the high diversity of R regarding several
structural variables and also their high age is their location in the
north boreal region. This part of the country has a shorter history
of industrial logging compared to areas further south (Östlund,
1993), and consequently has more natural forest legacies. In addi-
tion, many R were established much earlier than VSA, and so have
had a longer time to develop natural forest structures. Further, new
reserves are continually being established by the Swedish govern-
ment and for boreal Sweden, predominantly on earlier forest com-
pany land. In the selection of reserves, VSA with the highest
conservation values are usually preferred. Since the area of VSA
should be at least 5% of the total productive forest area of each
company according to certification, new less valuable VSA are
often added, decreasing the average quality of VSA.
The higher structural diversity in VSA compared to PF was
expected. The industrial, large-scale forestry during the last cen-
tury in Sweden has resulted in forests primarily consisting of
young, structurally homogenous stands: about 40% of all PF are
younger than 40 years old (Forest Statistics, 2014). However, our
analysis shows that VSA were richer than R regarding important
broadleaved tree species like aspen, rowan and sallow. This indi-
cates that the selection process of VSA has been successful because
the presence of such trees is an important criterion for the identi-
fication of VSA. Such broadleaved trees are less common in the
north boreal zone, where a large proportion of R are located
(Forest Statistics, 2014).
The amount of dead wood in forests >100 years old was about
25 m3 ha1 for R and about 20 m3 ha1 for VSA. This is considerably
less than commonly reported for old growth forests in boreal
Fennoscandia (Siitonen, 2001).
Comparisons of dead wood amounts among different studies
should be made with caution because reported volumes strongly
depend on diameters and qualities included (Söderberg et al.,
2014). In addition, there is immense temporal and spatial variation
in dead wood in natural boreal forest landscapes owing to prevail-
ing fire dynamics (Niklasson and Granström, 2000). For instance,
after a fire, there is commonly a pulse of dead wood followed by
a decrease as the fire-generated dead wood decomposes
(Stokland et al., 2012). Aakala (2011) have simulated dead wood
volumes during 200 years in two boreal areas with different distur-
bance regimes and showed mean volume of 46 and 26 m3 ha1 but
with a wide temporal variation. Thus, for restoration measures,
large variations in deadwood over time and among sites may be
acceptable and also desirable.
Our figures on large diameter trees (>40 cm dbh) in forests
>100 years, i.e., 9 coniferous trees ha1 for VSA and 13 ha1 for R,
are similar to those found in old-growth spruce forest in southern
Finland (13 large coniferous trees ha1; Siitonen et al., 2000) but
are lower than those reported for pine-dominated old-growth for-
ests in Sweden (13–22 ha1; Linder and Östlund, 1998). Twenty
large trees ha1 has been suggested as a reference for boreal old
growth forests in Europe (Nilsson et al., 2002).The structural index was higher for R than for VSA and the two
biodiversity indicators that contributed most to this difference
were ”gaps” and ‘‘stand character” (presence of coarse dead wood
and no trace of management actions during the last 25 years)
(Table A4 Suppl. data). This type of composite index based on sev-
eral indicators may not only be valuable for comparisons between
different categories of conservation areas but also as a tool for
identifying areas with high conservation values.
4.4. Stand characteristics
Forest reserves in Sweden have in earlier studies been found to
occur on land with considerably lower productivity than the aver-
age (e.g., Fridman, 2000). In our data, site productivity was also
lower in R than in PF, but VSA also had comparatively low produc-
tivity (3.3 m3 ha1 year1 for VSA, 2.7 m3 ha1 year1 for R,
3.9 m3 ha1 year1 for PF). One reason for the differences in pro-
ductivity between the forest categories could be that low-
productive forests are cheaper than high-productive forests, and
thus advantageous to set aside from an economical point of view,
as also reflected in the large share of R and VSA in the cold and
low-productive north boreal region. It may also be that low-
productive forests have been managed less intensively, leading to
higher structural diversity, and thus have been predominantly
selected as VSA and R. On the other hand, the data suggest that
in the selection of VSA, low wood volume, (i.e., cheap forests)
was not important: for forests >100 years old, volumes were simi-
lar between VSA and PF. For R, 43% of forests >100 years old had
volumes <100 m3 ha1 compared with only about 20% for VSA
and PF, indicating a selection bias for R.
Spruce forests were overrepresented in VSA and R. We believe
that this is due to the selection procedure. Dead wood, gaps and
uneven layering are important criteria for selection, and in fire-
suppressed landscapes, spruce forests develop old-growth charac-
teristics faster than pine forests (Angelstam and Kuuluvainen,
2004). Importantly, areas with low disturbance, e.g., spruce swamp
forests, have been targeted for protection in the landscape plan-
ning of the forest companies (Angelstam and Pettersson, 1997).
An indication of this is that a large proportion of VSA were found
on mesic-moist soil.
The herb-rich vegetation type was significantly more common
in R compared to the other forest categories. This may seem con-
tradictory because herbs are associated with high productivity
and R commonly occur on low-productive sites. One explanation
may be that a large proportion of R occur in the mountain region
and are therefore low productive due to the cold climate but often
have nutrient-rich soils.
4.5. Certification and WKH as drivers behind VSA
The concept of WKH was developed at the beginning of the
1990s in response to increasing awareness of links between threat-
ened species and expansion of industrial forestry, leading to the
compilation of an extensive national inventory of such habitats
(Nitare, 2011; Timonen et al., 2010). A meta-analysis on the con-
servation value of WKH showed that they are hot spots for species
richness and red-listed species (Timonen et al., 2011). The risk of
boycott by European customers (Simonsson et al., 2015) was an
important reason why Swedish forestry companies started to set
aside WKH in their long-term planning and were also early to join
international certification initiatives in the late 1990s. WKHs are
conceptually related to High Conservation Value Forests, which
are a key component of FSC standards in many countries
(Jennings et al., 2003). Early negotiations of certification standards
in Sweden led to a requirement for forest owners to set aside at
least 5% of their productive forestland as VSA, and all WKH should
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pool of VSA in Swedish forestry.
The Swedish forestry law is based largely on ‘‘freedom under
responsibility” and a major limitation of the law is that the conser-
vation requirements must not be ‘‘so extensive as to severely hand-
icap current land use” (Bush, 2010). This means that the state can
only require very small areas to be set-aside voluntarily, and con-
sequently current legislation has not been a driver for the develop-
ment of VSA. Nonetheless, government policy most likely has been
at least partly influential since forest owners are willing to adjust
their planning and management to maintain their independence
from the state, as has been shown for the development of retention
forestry in Sweden (Simonsson et al., 2015).
The international certification systems and the WKH concept
have thus been the main driving forces behind VSA in Sweden.
Our study shows that company VSA, which cover an equivalently
sized area to R in boreal Sweden, represent considerable structural
richness of importance to biodiversity. Thus, VSA have been signif-
icant in the development of conservation approaches. Certification
is largely a market-driven process but interactions with govern-
mental policies are evident: the Swedish parliament has estab-
lished targets for the area of VSA, although governmental policy
instruments to fulfill these are currently lacking. VSA are estab-
lished by forest owners as part of their sectoral responsibility for
the environment (Stål et al., 2012) but by necessity represent a loss
of revenue. Thus, the state, which carries large costs for establish-
ment of formal reserves, is partly relieved regarding expenditure
for conservation. On the other hand, there is no guarantee that
VSA will persist long-term because their establishment and main-
tenance rely on voluntary commitments. We believe that increased
knowledge transfer between scientists, certification organizations
and forest owners will help to vitalize certification standards,
keeping them dynamic and adaptable to research, which in turn
will improve future selection of VSA. More field-based knowledge
on the impact of forest certification on biodiversity will improve
the potential to revise the precision and relevance of certification
standards. However, there is an inherent conflict between environ-
mental and economic interests when developing standards due to
the considerable landowner costs associated with certification.
Overall, continued market pressure is a prerequisite for the persis-
tence and development of forest certification standards.4.6. Conclusions
New driving forces for conservation have been introduced
through forest certification. Our analysis of the effect on biodiver-
sity of areas voluntarily set aside by forest owners revealed that
such certification regulations can lead to large increases in the total
area allocated to conservation and also add numerous areas of
smaller size to the network of traditional reserves. Further, the
structural diversity of voluntary set-asides can be high and also
have special qualities, complementing reserves. An important chal-
lenge for the future is to develop long-term planning models in
which both forms of protection and their spatial configuration
are considered. To do this, integration of non-state and state gover-
nance processes will be necessary. For research, it will be impor-
tant to further investigate the respective roles of VSA and R, and
their interaction, for the dynamics of populations and species com-
munities, applying a long-term perspective.Acknowledgements
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